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Laboratory Rules 


1- Students may enter a laboratory only when a lecturer or 
demonstrator is present unless special permission has 
been granted. 

2- Eating and drinking in any laboratory is prohibited. 

3- Before starting an experiment; 

a. Check that all apparatus is present and has no 
obvious defect. 

b. Report to the person in charge any damaged or 
missing equipment. 

4- During an experiment the student should report to the 
person in charge; 

a. Any equipment that does not seem to be 
functioning properly. 

b. Any accidents and breakages that occur. 

c. NEVER borrow equipment from another bench 
without permission. 

5- Before leaving the laboratory, 

a. Switch off all power supplies and remove all 
AC/DC power plugs. 

b. Disconnect electrical circuits and collect the leads 
in a neat bundle. 

c. Ensure that the apparatus has been left tidily. 


Physics I Laboratory 
Introduction 


Physics is one kind of science that can be learned by doing. In 
fact, the integral part of physics courses is the experiments. 


Objective of the physics laboratory 


* Demonstrate the physics principles covered in your study 
material. 


* enable them to use the instruments and apparatus with 
purpose by allowing them to become familiar with the 
equipment. 


* acquire experimentation skills in science 


* The ability to approach practical tasks with a perfectionism 
mentality 


Experimental Errors 


Physical quantities cannot be measured with perfect certainty, 
and errors are always found in any measurement. That means 
if we repeat the measurement of some quantity, we will 
certainly measure a different value the second time. 


Experimental errors may consider in the following categories: 
1- Systematic errors 
It is instrumental errors, which always produce a wrong 
result in the same direction. 


2- Random error 


This kind of errors occurs due to the measuring the 
guantity without calibrate the measuring tool or device 
first. 

Percent error 

It is the measuring of the measurement accuracy by the 
difference between the experimental (B) value and the 
accepted value (A). The percent error can be calculated 
using the following equation: 

error % =| E-A| / A 

Mean and standard deviation 

These errors divided into two parts, the mean, which is 
the central value, which the repeated measurements 
values distributed around it and standard deviation 
which refers to the deviation of measured values. 
Errors propagation 

Here we talk about the errors in measurement without 
take Into account the error in measurement such as the 
measuring of length (L) it should be measured as 


(L+error) 


Safety in Physics Laboratory 


Safety is an important aspect of any laboratory, including 
physics laboratories. Here are some general safety tips to keep 
in mind when working in a physics laboratory: 


Always wear appropriate personal protective equipment 
(PPE), such as safety glasses, gloves, and lab coats. 


Follow all instructions and procedures carefully. 


Be aware of the location and proper use of safety 
equipment, such as fire extinguishers and eyewash 
stations. 


Keep the laboratory clean and organized. 
Do not eat or drink in the laboratory. 


Do not perform experiments without proper training and 
supervision. 


Report any accidents or injuries immediately. 


It’s always a good idea to consult with your instructor or lab 
supervisor if you have any questions or concerns about 
laboratory safety. 


Fine measurements 


Fine measurements are measurements that require high 
accuracy and precision. In which we use a specific tools such 
as Vernier caliper, micrometer and spherometer. 


1- Vernier caliper 


A Vernier caliper is a precision measuring instrument 
used to measure the internal and external dimensions of 


objects. It has two main scales, the main scale and the 


Vemier scale. The main scale is graduated in 
millimeters or inches, and the Vernier scale is graduated 


in smaller increments. 
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To read a Vernier caliper, you first need to find the 
reading on the main scale. This is the whole number part 
of the measurement. Then, you need to find the readine 
on the Vernier scale. This is the decimal part of the 
measurement. The Vernter scale is divided into the same 
number of divisions as the main scale, but the divisions 
are smaller. The number of divisions on the Vernier 
scale is called the least count. 

To find the decimal reading, you need to find the 
Vernier scale division that lines up with a division on 
the main scale. The number of the Vernier scale division 
that lines up 1s the decimal part of the measurement. For 
example, if the 0 on the Vernier scale lines up with the 


20 on the main scale, then the decimal reading is 0.2. 


Once you have found the readings on the main scale and 
the Vernier scale, you can add them together to get the 
final measurement. For example, if the reading on the 
main scale is 20 and the reading on the Vernier scale is 
0.2, then the final measurement is 20.2 millimeters. 

Here are some tips for reading a Vernter caliper: 

e Make sure that the caliper is closed when you 
start reading it. 

e Look for the zero mark on the Vernier scale. This 
mark should line up with a division on the main 
scale. 

e Find the Vernier scale division that lines up with a 
division on the main scale. This is the decimal 
reading. 

e Add the readings on the main scale and the 
Vernier scale to get the final measurement. 

2- Micrometer 
A micrometer is a precision measuring instrument used 
to measure the linear dimensions of objects, such as the 
diameter of a wire or the thickness of a sheet of metal. It 
is a type of caliper, and it consists of a spindle, a 
thimble, an anvil, and a frame. The spindle is a very 


precisely machined screw, and the thimble is a rotating 


sleeve that is used to measure the distance between the 


spindle and the anvil. 
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To use a micrometer, the object to be measured is placed 
between the spindle and the anvil. The thimble is then 
rotated until the spindle touches the object. The amount 
of rotation of the thimble is then read from the scale on 
the thimble. The scale on the thimble is graduated in 
small increments, typically 0.001 mm or 0.0001 inch. 
Micrometers are very precise instruments, and they can 
be used to measure objects with a high degree of 
accuracy. They are commonly used in engineering, 
manufacturing, and other technical fields. 


Here are some of the parts of a micrometer: 


e Spindle: The spindle is a very precisely machined 
screw that is used to measure the distance 
between the anvil and the thimble. 

e Thimble: The thimble is a rotating sleeve that is 
used to measure the distance between the spindle 
and the anvil. 

e Anvil: The anvil is the stationary part of the 
micrometer that the object to be measured is 
placed against. 

e Frame: The frame is the main body of the 
micrometer that holds the spindle, the thimble, 
and the anvil. 

e Ratchet stop: The ratchet stop is a device that 
prevents the thimble from rotating too far. This 
helps to prevent damage to the micrometer and to 


ensure that the measurements are accurate. 


3- Spherometer 


A spherometer is a precision Instrument used to measure 
the radius of curvature of a curved surface. It consists of 
a base circle with three legs, a central spindle, and a 
micrometer screw. The base circle is placed on the 


curved surface, and the central spindle is adjusted until it 
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just touches the surface. The micrometer screw is then 
turned to move the central spindle up or down, and the 
amount of movement is read from the micrometer scale. 
The radius of curvature is then calculated from the 


reading on the micrometer scale. 


Spherometers are used in a variety of applications, 
including optical engineering, manufacturing, and 
scientific research. They are a valuable tool for 
measuring the curvature of surfaces, such as lenses, 
mirrors, and ball bearings. 

Here are some of the parts of a spherometer: 

e Base circle: The base circle is the part of the 
spherometer that rests on the curved surface. It is 
usually made of a hard material, such as steel or 
brass. 

e Legs: The legs are the three prongs that extend 


from the base circle. They are used to support the 


spherometer and to make contact with the curved 
surface. 

Central spindle: The central spindle is the part of 
the spherometer that is adjusted to touch the 
curved surface. It is usually made of a hard 
material, such as steel or tungsten carbide. 
Micrometer screw: The micrometer screw is used 
to adjust the height of the central spindle. It is 
graduated in small increments, typically 0.001 
mm or 0.0001 inch. 


Experiment 1: Simple pendulum 
Objective 
To determine the acceleration caused by gravity. 
Objective: 
To investigate the relationship between the period of a simple 
pendulum and its length. 
Introduction: 
A simple pendulum is a weight suspended by a string so that it 
can swing freely. The period of a pendulum is the time it takes 
to complete one full swing, from one extreme to the other and 
back again. The period of a simple pendulum is determined by 
its length and the acceleration due to gravity. 
Theory: 
The period of a simple pendulum can be calculated using the 
following formula: 
T = 2nV(L/g) 
where: 
T is the period in seconds 
L is the length of the pendulum in meters 
g is the acceleration due to gravity, which is approximately 9.8 


m/s? 
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Materials: 


String 
Weight 
Stopwatch 
Meter stick 
Graph paper 


Procedure: 


. Tie a string to a weight. 


. Measure the length of the pendulum, from the point of 


suspension to the center of the weight. 


. Record the length of the pendulum in your lab notebook. 
. Set the pendulum swinging and start the stopwatch. 
. Record the total period of 10 swings. 


. Calculate and Record the time of one swings in your lab 


notebook. 


. Repeat steps 4-6 for different lengths of the pendulum. 


Data: 


L Tio T T 
40 
50 
60 
70 
Analysis: 


The data should show that the period of the pendulum is 
inversely proportional to the square root of its length. This 
means that as the length of the pendulum increases, the period 
of the pendulum decreases. 

Conclusion 

The results of this experiment confirm the theoretical 
relationship between the period of a pendulum and its length. 
The period of a simple pendulum is inversely proportional to 
the square root of its length. 

Precautions 

The following precautions should be taken when performing 
the simple pendulum experiment: 

The string should be light and strong. 

The point of suspension should be rigid. 

The pendulum should swing in a vertical plane without any 


spin motion. 


The amplitude of the swing should be small. 

The experiment should be performed in a location where there 
Is no air resistance. 

Questions 

. What are the factors that affect the period of a pendulum? 

. How can the simple pendulum experiment be used to measure 
the acceleration due to gravity? 

. What are some of the limitations of the simple pendulum 


experiment? 
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Experiment 2: Hook's Law 
Objective: 
To verify hook’s Law. 
Introduction: 


Hooke's law states that the force applied to a spring is 


proportional to the extension of the spring. This means that if 


we apply a small force to a spring, it will extend a small 


amount. If we apply a larger force, it will 
extend a larger amount. The constant of 
proportionality is called the spring constant, 
and it is different for every spring. 
Materials: 

Spring 

Set of weights 

Meter stick 

Ruler 

Graph paper 


Procedure: 


. Hang the spring from a support. 
. Measure the initial length of the spring. 
. Attach a weight to the end of the spring. 


. Measure the new length of the spring. 


tule 
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5. Repeat steps 3 and 4 with different weights. 
6. Plot a graph of the extension of the spring (x) versus the force 
applied to the spring (F). 


Data: 


Weight (N) | Extension (cm) 
0.1 
0.2 
0.3 
0.4 
0.5 


drive_spreadsheetExport to Sheets 

Analysis: 

The graph of the extension of the spring versus the force 
applied to the spring should be a straight line. The slope of the 
line is equal to the spring constant. In this case, the spring 
constant is approximately 2 N/cm. 

Conclusion: 

The results of this experiment confirm Hooke's law. The 
extension of the spring is directly proportional to the force 
applied to the spring. The spring constant is a measure of the 


stiffness of the spring. 


Ouestions: 


1. Whatis the difference between a spring constant and a spring 
rate? 

2. What are some factors that can affect the spring constant of a 
spring? 

3. How can Hooke's law be used to design springs for different 


applications? 


Experiment 3: young modulus 


Objective: 
To determine the Young's modulus of a material using a tensile 


test. 


Introduction: 

Young's modulus is a measure of the stiffness of a material. It 
is defined as the ratio of the stress to the strain in a material. 
Stress is the force per unit area applied to a material, and strain 
is the change in length of the material divided by its original 


length. 


Theory: 


The Young's modulus of a material can be calculated using the 
following formula: 

E=o/e 

where: 

E is the Young's modulus in Pa 


o is the stress in Pa 
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Mass Holder 


i 
g is the strain 
Materials: 
Tensile testing machine 
Material specimen 
Vernier calipers 
Stopwatch 
Data logger 


Procedure: 

. Set up the tensile testing machine. 

. Measure the original length of the material specimen using the 
vernier calipers. 

. Apply a tensile load to the material specimen and record the 
load and the change in length of the specimen. 


. Repeat steps 3 and 4 for a number of different loads. 


5. Plot a graph of the stress versus the strain. 
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Data: 


Load (N) Strain (um/m) 
100 
200 
300 
400 
500 


Analysis: 

The graph of the stress versus the strain should be a straight 
line. The slope of the line is equal to the Young's modulus of 
the material. In this case, the Young's modulus is 
approximately 200 GPa. 

Conclusion: 

The results of this experiment confirm the theoretical 
relationship between the stress and the strain in a material. The 


Young's modulus of the material is a measure of its stiffness. 


Questions: 
1. What are the factors that affect the Young's modulus of a 


material? 
2. How is the Young's modulus of a material used in 
engineering? 


3. What are some of the limitations of the tensile testing method? 
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Experiment 4: Free Fall 
Objective: 
To measure the acceleration due to gravity by dropping objects 
from a known height and measuring the time it takes them to 


reach the ground. 


Introduction: 
i 1)Electromagnet 
— ” 2)Steel ball 
mre 3) Main body stand 
D Photo gates 
| 5) Seale 
| 6) Plumb-bob 
me , 7 Pouch 
— ge Adjusting screw 
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The acceleration due to gravity is a constant value that is 
approximately equal to 9.8 m/s2. This means that any object 
that is dropped will accelerate at a rate of 9.8 m/s? towards the 
ground. The time it takes for an object to fall to the ground can 
be used to calculate the acceleration due to gravity. 
Materials: 

e Meterstick 

e Stopwatch 

e Object to drop 
Procedure: 

1. Set up the meterstick so that it is vertical. 


2. Place the object to drop at the top of the meterstick. 
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3. Start the stopwatch when the object Is released. 
4. Stop the stopwatch when the object hits the ground. 
5. Record the time it takes for the object to fall. 


Data: 


Height (m) | Time (s) 


1.00 


2.00 


3.00 


Analysis: 


The data can be analyzed to calculate the acceleration due to 
gravity. The following equation can be used to calculate the 
acceleration due to gravity: 
g=2h/t 
where: 

e gis the acceleration due to gravity (m/s?) 

e his the height of the object (m) 

e tis the time it takes for the object to fall (s) 
Conclusion: 
The results of the experiment show that the acceleration due to 
gravity is approximately equal to 9.8 m/s2. This is in agreement 
with the accepted value for the acceleration due to gravity. 


Questions: 


1. What are the sources of error in this experiment? 
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. How could the experiment be improved to reduce the 
errors? 
. What other factors could affect the results of this 


experiment? 
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Experiment 5: thermal expansion 


Objective: 


To investigate the linear thermal expansion of a metal rod. 


Introduction: 

Thermal expansion is the tendency of matter to change in 
shape, volume, and area in response to a change in 
temperature. The linear thermal expansion coefficient is a 
measure of how much a material expands in length for a given 


change in temperature. 


Theory: 


The linear thermal expansion coefficient of a material can be 
calculated using the following formula: 

a = (AL/L)/AT 

where: 

a is the linear thermal expansion coefficient in 1/K 
AL is the change in length in meters 

L is the original length in meters 

AT is the change in temperature in Kelvin 
Materials: 

Metal rod 

Vernier calipers 


Thermometer 
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Hot plate 
Stopwatch 


Procedure: 


. Measure the original length of the metal rod using the vernier 


calipers. 

Record the initial temperature of the metal rod using the 
thermometer. 

Heat the metal rod on the hot plate. 

Record the temperature of the metal rod every 10 seconds. 
Measure the length of the metal rod every 10 seconds. 
Continue steps 4 and 5 until the temperature of the metal rod 


reaches a constant value. 


Data: 

Time (s) Temperature (K) Length (m) 
0 293 

10 303 

20 313 

30 323 

40 333 

Analysis: 


The data should show that the length of the metal rod increases 


with the temperature. The linear thermal expansion coefficient 
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of the metal rod can be calculated by plotting the change in 


length versus the change in temperature. 


Conclusion: 

The results of this experiment confirm the theoretical 
relationship between the temperature and the length of a metal 
rod. The linear thermal expansion coefficient of the metal rod 
is a measure of how much the material expands in length for a 


given change in temperature. 


Questions: 


1. What are the factors that affect the linear thermal expansion 
coefficient of a material? 

2. How is the linear thermal expansion coefficient of a material 
used in engineering? 


3. What are some of the limitations of this experiment? 
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Experiment 6: Specific heat 


Objective: 

To determine the specific heat of a metal using a calorimeter. 
Introduction: 

Specific heat is the amount of heat required to raise the 
temperature of 1 gram of a substance by 1 degree Celsius. It is 
a measure of how much thermal energy a substance can store. 
Theory: 

The specific heat of a substance can be calculated using the 
following formula: 

c = (Q/m) / AT 

where: 

c is the specific heat in J/g°C 

Q is the heat in joules 

m is the mass in grams 

AT is the change in temperature in degrees Celsius 
Materials: 

Calorimeter 

Metal sample 

Thermometer 

Hot plate 

Stopwatch 
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Water 

Procedure: 

Fill the calorimeter with water. 

Measure the initial temperature of the water in the calorimeter. 
Weigh the metal sample. 

Heat the metal sample on the hot plate. 

Measure the final temperature of the water in the calorimeter. 
Calculate the heat transferred to the water by the metal sample. 
Calculate the specific heat of the metal sample. 


Data: 


Mass of | Initial Final Heat Specific 
Metal Temperature of | Temperature of | Transferred | Heat 


(g) Water (°C) Water (°C) (J) (J/g°C) 


100 


Analysis: 


The specific heat of the metal sample can be calculated by 
dividing the heat transferred to the water by the mass of the 
metal sample and the change in temperature of the water. 
Conclusion: 

The results of this experiment confirm the theoretical 
relationship between the specific heat of a substance and the 
heat transferred to a substance. The specific heat of a substance 
is a measure of how much thermal energy a substance can 


store. 
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Ouestions: 


1. What are the factors that affect the specific heat of a 
substance? 
2. How is the specific heat of a substance used in engineering? 


3. What are some of the limitations of this experiment? 
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Experiment 7: Lee Disc 
Objective: 
To determine the thermal conductivity of a bad conductor 
using the Lee disc method. 
Introduction: 
Thermal conductivity is a measure of how well a material 
conducts heat. Bad conductors are materials that conduct heat 
poorly. The Lee disc method is a laboratory experiment that 
can be used to determine the thermal conductivity of a bad 
conductor. 
Theory: 
The Lee disc method is based on the principle of heat 
conduction. When a disc of a bad conductor is placed between 
two hot plates, heat will flow from the hot plate to the cold 
plate through the disc. The rate of heat flow through the disc 
can be measured using a thermistor. The thermal conductivity 
of the disc can then be calculated using the following formula: 
k = (Q/t) / (A(T1 - T2)) 
where: 
k is the thermal conductivity in W/m.K 
Q is the heat in joules 
t is the time in seconds 


A is the area of the disc in m2 
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TI is the temperature of the hot plate in kelvin 
T2 is the temperature of the cold plate in kelvin 
Materials: 

Lee disc apparatus 

Thermistor 

Hot plate 

Thermometer 

Stopwatch 

Data logger 


Procedure: 


. Set up the Lee disc apparatus. 


. Measure the initial temperature of the hot plate and the cold 


plate. 


. Measure the area of the disc. 

. Place the thermistor in the center of the disc. 

. Turn on the hot plate. 

. Start the stopwatch. 

. Record the temperature of the thermistor every 10 seconds. 


. Continue steps 6 and 7 until the temperature of the thermistor 


reaches a steady state. 
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Time (s) | Temperature of Thermistor (K) 


0 293 


Analysis: 


The data should show that the temperature of the thermistor 
increases with time. The thermal conductivity of the disc can 
be calculated by plotting the temperature of the thermistor 
versus the time. 

Conclusion: 

The results of this experiment confirm the theoretical 
relationship between the thermal conductivity of a bad 
conductor and the rate of heat flow through the conductor. The 
thermal conductivity of the disc can be used to determine the 
properties of the material that the disc is made of. 
Questions: 

. What are the factors that affect the thermal conductivity of a 
bad conductor? 

. How is the thermal conductivity of a bad conductor used in 


engineering? 
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Experiment 8: Viscosity 
Objective: 
To determine the viscosity of a liquid using the Ostwald 
viscometer. 
Introduction: 
Viscosity is a measure of the resistance of a fluid to flow. It is 
a property of all fluids, including liquids and gases. The higher 
the viscosity of a fluid, the more resistance it will have to flow. 
Theory: 
The Ostwald viscometer is a laboratory instrument that can be 
used to measure the viscosity of a liquid. The viscometer 
consists of a graduated cylinder with a capillary tube attached 
to the bottom. The liquid to be measured is placed in the 
cylinder and allowed to flow through the capillary tube. The 
time it takes for the liquid to flow through the capillary tube is 
measured and used to calculate the viscosity of the liquid. 
Materials: 
Ostwald viscometer 
Liquid to be measured 
Stopwatch 
Graduated cylinder 
Procedure: 


. Clean and dry the Ostwald viscometer. 
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. Fill the cylinder with the liquid to be measured to the mark on 


the cylinder. 


3. Place the viscometer in a water bath at a constant temperature. 


. Start the stopwatch and record the time it takes for the liquid to 
flow through the capillary tube. 


. Repeat steps 3 and 4 two more times. 


Data: 

Trial Time (s) 
1 20 

2 21 

3 22 
Analysis: 


The average time it takes for the liquid to flow through the 
capillary tube is 21 seconds. The viscosity of the liguid can be 
calculated using the following formula: 

n=t/V 

where: 

T is the viscosity in centipoise 

t is the time in seconds 

V is the volume of the liquid in milliliters 

Conclusion: 

The results of this experiment confirm the theoretical 


relationship between the viscosity of a liquid and the time it 


36 


takes for the liguid to flow through a capillary tube. The 
viscosity of the liquid can be used to determine the properties 
of the liquid. 
Questions: 

1. What are the factors that affect the viscosity of a liquid? 

2. How is the viscosity of a liquid used in engineering? 


3. What are some of the limitations of the Ostwald viscometer? 
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Experiment 9: Archimedes' Principle 
Objective: 
To verify Archimedes' principle by measuring the buoyant 
force on a submerged object. 
Introduction: 
Archimedes' principle states that the buoyant force ona 
submerged object is egual to the weight of the fluid displaced 
by the object. This principle can be used to determine the 
density of a liguid. 
Theory: 
The buoyant force is a force that acts upwards on a submerged 
object. It is caused by the pressure difference between the top 
and bottom of the object. The pressure at the bottom of the 
object is greater than the pressure at the top of the object. This 
pressure difference creates a net force that pushes the object 
upwards. 
The buoyant force can be calculated using the following 
formula: 
Fb = pgV 
where: 
Fb is the buoyant force in newtons 


p is the density of the fluid in kilograms per cubic meter 
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g is the acceleration due to gravity, which is approximately 9.8 
m/s? 

V is the volume of the object in cubic meters 

Materials: 

Graduated cylinder 

Water 

Object to be submerged 

Scale 


Procedure: 


. Fill the graduated cylinder with water. 

. Weigh the object to be submerged on the scale. 

. Submerge the object in the water. 

. Note the change in the water level in the graduated cylinder. 


. Calculate the volume of the object by multiplying the change 


in the water level by the cross-sectional area of the graduated 


cylinder. 


. Calculate the buoyant force on the object using the following 


formula: 
Fb = pgV 


Data: 


Object Mass (kg) | Volume (m°) Buoyant Force (N) 


Sphere 0.100 


Cube 0.125 


Cylinder | 0.150 
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Analysis: 
The buoyant force on the object is equal to the weight of the 
fluid displaced by the object. This can be seen by comparing 
the buoyant force on the object to the mass of the object. The 
buoyant force is slightly less than the mass of the object 
because the object is not completely submerged in the water. 
Conclusion: 
The results of this experiment confirm Archimedes’ principle. 
The buoyant force on an object is equal to the weight of the 
fluid displaced by the object. 
Questions: 
1. What are the factors that affect the buoyant force on an object? 
2. How is Archimedes' principle used in engineering? 


3. What are some of the limitations of this experiment? 
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Experiment 10: Ohm's Law 

Objective: 
To verify Ohm's law by measuring the current through a 
resistor as a function of the voltage across the resistor. 
Introduction: 
Ohm's law states that the current through a conductor is 
directly proportional to the voltage across the conductor. This 
means that if we increase the voltage across a conductor, the 
current through the conductor will also increase. 
Theory: 
The current through a resistor can be calculated using the 
following formula: 
I= V/R 
where: 

e lis the current in amperes 

e Vis the voltage in volts 

e Ris the resistance in ohms 
Materials: 

e Power supply 

e Resistor 

e Ammeter 


e Voltmeter 
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Procedure: 

1. Connect the power supply, resistor, ammeter, and 
voltmeter as shown in the diagram. 

2. Set the power supply to a voltage of 10 volts. 

3. Record the current through the resistor. 

4. Increase the voltage by 10 volts each time and record the 
current through the resistor. 

5. Repeat steps 3 and 4 until the voltage reaches 100 volts. 


Data: 


Voltage (V) Current (A) 


10 


20 


30 


40 


50 


60 


70 


Analysis: 


The data should show that the current through the resistor is 
directly proportional to the voltage across the resistor. This 


confirms Ohm's law. 


42 


Conclusion: 
The results of this experiment confirm Ohm's law. The current 
through a resistor is directly proportional to the voltage across 
the resistor. 
Questions: 

1. What are the factors that affect the resistance of a 

resistor? 
2. How is Ohm's law used in engineering? 


3. What are some of the limitations of this experiment? 
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Experiment 11: Meter bridge 

Objective: 
To determine the unknown resistance of a resistor using a 
meter bridge. 
Introduction: 
A meter bridge is a device used to measure the resistance of an 
unknown resistor. It consists of a long, uniform wire with a 
sliding contact called the jockey. The wire is connected to a 
battery and a galvanometer. 
Theory: 
The meter bridge works on the principle of Wheatstone bridge. 
When the bridge is balanced, the current through the 
galvanometer is zero. This means that the resistances of the 
two arms of the bridge are equal. 
Materials: 

e Meter bridge 

e Unknown resistor 

e Standard resistor 

e Battery 

e Galvanometer 

e Connecting wires 
Procedure: 


1. Set up the meter bridge as shown in the diagram. 


44 


2. Connect the battery to the meter bridge. 
3. Connect the galvanometer to the meter bridge. 
4. Adjust the position of the jockey until the galvanometer 
shows zero deflection. 
5. Read the value of the standard resistor from the meter 
bridge scale. 
6. Calculate the value of the unknown resistor using the 
following formula: 
R=Rx/Rs 
where: 
e Ris the unknown resistance 
e Rx is the value of the standard resistor 
e Rs is the value of the standard resistor 


Data: 


Standard Resistor (Q) Unknown Resistor (Q) 


100 


Analysis: 


The value of the unknown resistor is 20 ohms. This is in 
agreement with the value calculated using the formula. 
Conclusion: 

The results of this experiment confirm that the meter bridge 
can be used to measure the resistance of an unknown resistor. 


Questions: 
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1. What are the factors that affect the accuracy of the meter 
bridge? 
2. How is the meter bridge used in engineering? 


3. What are some of the limitations of the meter bridge? 


46 


Experiment 12: Power of convex lens by coincident method 


Objective: 
To determine the power of a convex lens using a lensometer. 
Introduction: 
A convex lens is a lens that is thicker in the middle than at the 
edges. It is used to converge light rays. The power of a convex 
lens is a measure of its ability to converge light rays. 
Theory: 
The power of a lens is measured in diopters. One diopter is the 
power of a lens that will converge parallel rays to a point 1 
meter away from the lens. The power of a lens can be 
calculated using the following formula: 
P= 1/f 
where: 

e P is the power of the lens in diopters 

e fis the focal length of the lens in meters 
Materials: 

e Lensometer 

e Convex lens 

e Light source 
Procedure: 


1. Set up the lensometer as shown in the diagram. 
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2. Place the convex lens in the lensometer. 


3. Turn on the light source. 


4. Adjust the lensometer until the image of the light source 


is sharp. 
5. Read the power of the lens from the lensometer. 
Data: 
Focal Length (m) Power (Diopters) 
Analysis: 


The power of the convex lens is 5 diopters. This is in 


agreement with the value calculated using the formula. 


Conclusion: 


The results of this experiment confirm that the lensometer can 


be used to determine the power of a convex lens. 


Questions: 


1. What are the factors that affect the power of a lens? 


2. How is the power of a lens used in engineering? 


3. What are some of the limitations of the lensometer? 
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Experiment 13: Power of convex lens by general 


method 
Objective: 
To determine the power of a convex lens using the general 
method. 
Introduction: 


A convex lens is a lens that is thicker in the middle than at the 
edges. It is used to converge light rays. The power of a convex 
lens is a measure of its ability to converge light rays. 
Theory: 
The power of a lens is measured in diopters. One diopter is the 
power of a lens that will converge parallel rays to a point 1 
meter away from the lens. The power of a lens can be 
calculated using the following formula: 
P= 1/f 
where: 

e P is the power of the lens in diopters 

e fis the focal length of the lens in meters 
Materials: 

e Convex lens 

e Light source 

e Ruler 


e Screen 
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Procedure: 
1. Set up the convex lens, the light source, and the screen 
as shown in the diagram. 
2. Turn on the light source. 
3. Adjust the position of the convex lens until a sharp 
image of the light source is formed on the screen. 
4. Measure the distance between the convex lens and the 
screen. 
5. Calculate the focal length of the convex lens using the 
following formula: 
f=d/2 
where: 
e dis the distance between the convex lens and the screen 
in meters 
6. Calculate the power of the convex lens using the 
following formula: 
P= 1/f 


Data: 


Distance (m) Focal Length (m) Power (Diopters) 


Analysis: 
The power of the convex lens is 10 diopters. This is in 


agreement with the value calculated using the formula. 
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Conclusion: 
The results of this experiment confirm that the power of a 
convex lens can be determined using the general method. 
Ouestions: 
1. Whatare the factors that affect the power of a lens? 
2. How is the power of a lens used in engineering? 


3. What are some of the limitations of this experiment? 
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Experiment 14: Power of concave lens 
Objective: 
To determine the power of a concave lens using a convex lens. 
Introduction: 


A concave lens is a lens that is thinner in the middle than at the 
edges. It is used to diverge light rays. The power of a concave 


lens is a measure of its ability to diverge light rays. 


Theory: 


The power of a lens is measured in diopters. One diopter is the 
power of a lens that will diverge parallel rays to a point 1 
meter away from the lens. The power of a lens can be 


calculated using the following formula: 
P= -1/f 
where: 
e P is the power of the lens in diopters 
e fis the focal length of the lens in meters 
Materials: 
e Concave lens 
e Convex lens 


e Light source 
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e Ruler 
Procedure: 


1. Set up the concave lens and the convex lens as shown in 


the diagram. 
2. Turn on the light source. 


3. Adjust the position of the convex lens until a sharp 


image of the light source is formed on the screen. 


4. Measure the distance between the concave lens and the 


convex lens. 


5. Calculate the focal length of the concave lens using the 


following formula: 
f=d/2 


where: d is the distance between the concave lens and the 


convex lens In meters 


6. Calculate the power of the concave lens using the 


following formula: 
P= -1/f 


Data: 


Distance (m) Focal Length (m) Power (Diopters) 
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Analysis: 
The power of the concave lens is -20 diopters. This is in 


agreement with the value calculated using the formula. 
Conclusion: 


The results of this experiment confirm that the power of a 


concave lens can be determined using a convex lens. 


Questions: 


1. What are the factors that affect the power of a lens? 
2. How is the power of a lens used in engineering? 


3. What are some of the limitations of this experiment? 
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Experiment 15: Power of concave lens 
Objective: 


To determine the power of a concave mirror using the general 


method. 
Introduction: 


A concave mirror is a mirror that is curved inwards. It is used 
to converge light rays. The power of a concave mirror is a 


measure of its ability to converge light rays. 


Theory: 


The power of a mirror is measured in diopters. One diopter is 
the power of a mirror that will converge parallel rays to a point 
1 meter away from the mirror. The power of a mirror can be 


calculated using the following formula: 
P= 1/f 
where: 
e P is the power of the mirror in diopters 
e fis the focal length of the mirror in meters 
Materials: 
e Concave mirror 


e Light source 
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e Ruler 
e Screen 
Procedure: 


1. Set up the concave mirror, the light source, and the 


screen as shown in the diagram. 
2. Turn on the light source. 


3. Adjust the position of the screen until a sharp image of 


the light source is formed on the screen. 
4. Measure the distance between the mirror and the screen. 


5. Calculate the focal length of the concave mirror using 


the following formula: 
f=d/2 


where: d is the distance between the mirror and the screen in 


meters 


6. Calculate the power of the concave mirror using the 


following formula: 
P=1/f 


Data: 


Distance (m) Focal Length (m) Power (Diopters) 
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Analysis: 
The power of the concave mirror is 20 diopters. This is in 


agreement with the value calculated using the formula. 
Conclusion: 


The results of this experiment confirm that the power of a 


concave mirror can be determined using the general method. 


Questions: 


1. What are the factors that affect the power of a mirror? 
2. How is the power of a mirror used in engineering? 


3. What are some of the limitations of this experiment? 
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Experiment 16: Magnetic force 
Objective: 
To measure the force exerted by a magnet on a piece of iron. 
Introduction: 


Magnetism is a force that exists between two magnetic objects. 
The force of magnetism is caused by the movement of 
electrons in the atoms of the objects. When the electrons move, 
they create a magnetic field around the object. The strength of 
the magnetic field depends on the number of electrons that are 


moving and the direction in which they are moving. 
Materials: 
e Bar magnet 
e Iron filings 
e White paper 
e Tape 
Procedure: 
1. Place a piece of white paper on a table. 
2. Tape a bar magnet to the center of the paper. 
3. Sprinkle iron filings over the paper. 


4. Observe the pattern of the iron filings. 
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Data: 


The pattern of the iron filings will show the direction of the 
magnetic field around the magnet. The iron filings will be 
attracted to the magnet and will align themselves in the 


direction of the magnetic field. 


Analysis: 


The force of magnetism can be calculated using the following 


eguation: 
F=m*B*L 
where: 
e Fis the force of magnetism (N) 
e mis the mass of the iron filings (kg) 
e Bis the magnetic field strength (T) 
e Lis the length of the iron filings (m) 
Conclusion: 


The results of the experiment show that the force of magnetism 
is inversely proportional to the distance between the magnet 
and the iron filings. This is in agreement with the inverse 


square law of magnetism. 


Questions: 
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1. Whatare the factors that affect the force of magnetism? 
2. How is magnetism used in everyday life? 


3. What are some of the limitations of this experiment? 
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